Food-deprived rats were exposed to a fixed-time 60-s schedule of food-pellet presentation and developed schedule-induced drinking. Using an ABA reversal design, three experiments investigated the effects of events then made dependent on licks. In Experiment 1, lick-dependent signaled delays (1Os) in food presentation in general led to decreased drinking, which recovered when the signaled delays were discontinued. The drinking of yoked-control rats, which received food at the same times as those exposed to the signaled-delay contingency, showed much smaller changes. Experiment 2 showed that 10-s lick-dependent signals alone did not reduce drinking. In Experiment 3, when licks produced unsignaled 10-s delays in food there were less marked and more gradual changes in drinking than in Experiment 1, although these effects again were greater than with yoked-control animals. We concluded that both signaled and unsignaled delays functioned as punishers of drinking. These findings support the view that schedule-induced drinking, like operant behavior, is subject to control by its consequences.
ever, Falk (1971) argued that it is the prototype of a category of behavior, different from operant behavior, that also develops when an animal's operant behavior is intermittently reinforced. Falk (1971) termed this behavioral category "adjunctive behavior," and it also has been termed "interim behavior" (Staddon, 1977) . However, in spite of much research, no single theory has yet accounted for the various characteristics of schedule-induced drinking and other patterns of behavior that have been described as schedule induced.
Schedule-induced drinking appears to be a robust behavioral phenomenon, and occurs even when water is available only during limited parts of interreinforcer intervals (Gilbert, 1974) . Of particular interest are findings that suggest that schedule-induced drinking is resistant to reduction or elimination by procedures that normally punish operant behavior. Although Bond, Blackman, and Scruton (1973) reported that schedule-induced drinking was reduced by a punishment procedure in which licking produced electric shocks, the introduction of response-dependent delays in food reinforcement, which normally punishes operant behavior, appears to have more limited effects on schedule-induced drinking. Falk (1964) re- ported that the amount of schedule-induced polydipsia in 2 rats exposed to a VI 1 -min schedule of food reinforcement was not elim-417 NUMBER 3 (NOVEMBER) 1987) 489 [417] [418] [419] [420] [421] [422] [423] [424] [425] [426] [427] [428] [429] [430] [431] [432] [433] [434] inated or even reduced by the imposition of a contingency that ensured a delay in food delivery of at least 15 s from the last lick. Similarly Hawkins, Schrot, Githens, and Everett (1972) reported that well-established drinking induced by a fixed-time (FT) 1-min schedule of food delivery (in which no operant response is required for food to be delivered) was not reduced even by lick-dependent delays as long as 4 or 5 min. Flory and Lickfett (1974) also reported that schedule-induced drinking is relatively resistant to the effects of lick-dependent delays in reinforcement. Flory and Lickfett found that rats' schedule-induced drinking was never eliminated, although it was systematically reduced, as the duration of lick-contingent timeouts from a fixed-interval schedule (Fl 1 min) was increased through four values from 1Os to 80 s. During these periods, the operant response lever was retracted from the experimental test space and the timer that controlled the FT schedule was stopped. With 80-s periods of such lever withdrawal drinking was consistently reduced, and with 40-s and 20-s periods it was reduced in some animals. In other phases of the experiment the Fl timer continued to run when the lever was retracted. Flory and Lickfett found that drinking was not reduced by 10-s periods of lick-dependent lever withdrawal with no accompanying delay in reinforcement.
When delays of less than 60s have been introduced from the outset of an experiment, essentially similar resistance to the effects of lick-dependent delays in reinforcement has been reported, but delays of 1 min or 4 min have been reported to attenuate the development of schedule-induced drinking (Falk, 1964; Hawkins et al., 1972; Moran & Rudolph, 1980; Segal & Oden, 1969) .
The effects on previously established schedule-induced drinking of procedures in which delays of reinforcement are dependent on licking are difficult to interpret, however. Falk (1964) and Hawkins et al. (1972) do not report detailed experimental procedures or present detailed results. Wetherington (1982) points out that Flory and Lickfett (1974) did not disentangle and assess the effects on drinking of the increases in interreinforcement intervals that resulted from their procedures: It is known that the amount of drinking is a function of the interreinforcement interval (Falk, 1966; Flory, 1971) , and thus the changes in drinking reported by Flory and Lickfett may reflect these increases independently of the fact that the delays were contingent on licking as is required in a punishment procedure. To control for such contaminating effects, a yoked-control procedure is desirable, in which some animals are exposed to the increases in interreinforcement intervals without these changes being signaled or being dependent on their own behavior. A yoked procedure was included in the experiment on this topic reported by Keehn and Stoyanov (1983) , but their results were not consistent.
In a study by Poling and Thompson (1977) rats' lever pressing was reinforced with food delivery according to an FI schedule. In addition, any response on a second lever produced access to an ethanol solution. Using appropriate yoked-control procedures, Poling and Thompson found that drinking was reduced when each response on the second lever also produced a delay in the availability of food for responses on the first lever. The special features of Poling and Thompson's study make it difficult, however, to relate their findings to the general issue of the effects of delays of reinforcement on schedule-induced drinking.
The present experiments were designed to investigate systematically and in more detail the effects of short lick-dependent delays on established patterns of schedule-induced drinking in rats. The experiments included appropriate yoked-control procedures. They investigated separately the effects of lick-dependent signaled delays in food delivery, of lick-dependent signals that were not correlated with delays in food delivery, and of lick-dependent unsignaled delays. The experiments were therefore designed to further our understanding of the extent to which schedule-induced drinking is resistant to procedures that are known to punish operant behavior.
EXPERIMENT 1 This experiment was designed to investigate the effects on previously established scheduleinduced drinking of signaled delays in food delivery that were dependent on licking. In contrast to Flory and Lickfett's (1974) study, drinking was induced by an FT rather than by an FI schedule; that is, no operant response was required for the delivery of food. Periods of lick-dependent delay were signaled by the extinguishing of the experimental houselight rather than by the removal of a response lever. The experiment incorporated a yoked-control condition, in which the yoked animals were exposed to the same delays in food presentation but independently of their own licking and without an accompanying signal.
METHOD Subjects
Six experimentally naive male SpragueDawley rats were used. They had been bred in the animal laboratory of the Department of Psychology at University College Cardiff, and were approximately 120 days old at the beginning of the experiment. They were housed individually in an environmentally controlled room. The rats' weights were gradually reduced by controlled feeding to 85% of their previously determined free-feeding weights (M = 344 g; range, 318 to 383 g). Each animal was maintained at its experimental weight by being weighed before each experimental session and being given after that session any food required in addition to that given during the session; this supplement was given at least 15 min after the end of each session. Water was always available in the subjects' home cages.
Apparatus
Four identical standard two-lever Campden Instruments CI410® rodent test chambers were used. These were 24.5 cm long by 23.5 cm wide by 20 cm high and were mounted inside ventilated sound-attenuating chests. The continuous ambient noise resulting from the ventilation fans was approximately 70 dB. Each chamber was equipped with a Campden Instruments pellet dispenser that delivered 45-mg precision food pellets to a hopper mounted in the front wall. This hopper was covered by a flap made of clear acrylic plastic. When it was pushed by the rat, the flap activated a switch, but this was not recorded. Both levers in this front wall were withdrawn during the experiment. A calibrated water bottle was attached to the outside of one adjacent wall. The spout of this bottle was mounted 0.5 cm behind a 1 -cm diameter hole in the wall, through which the rats could lick. Continuous contact with the spout was thus prevented, and licks at the spout were sensed through a contact relay and pulse former. The relay was connected on one side to the spout and on the other to all 16 parallel stainless steel bars of the grid floor. The hole through which the rats could lick was 8 cm above the grid floor and 18 cm from the front wall. A 10-W houselight illuminated the test chamber during experimental sessions, and observation of the rats during sessions was possible through a small window.
The experiment was automated by means of conventional electromechanical devices mounted in an adjacent room, and licks and food presentations were recorded on digital counters. Procedure When the weight of each rat had stabilized at 85% of its free-feeding weight, it was exposed to a baseline water-ingestion test in its home cage. On 2 successive days, 60 45-mg food pellets were placed together in the cage, and the volume of water consumed during the subsequent hour was measured. This procedure provided a variant of the massed-reinforcer baseline procedure (Cohen & Looney, 1984; Roper, 1981) , allowing a baseline water intake to be measured for drinking in relation to the amount of food that was to be delivered intermittently in the subsequent experimental sessions. Note that in this case these measures were taken before the experiment began and in the subjects' home cages.
The rats were then exposed to one 60-min experimental session in the test chambers, during which no experimental contingencies were operating: 20 45-mg food pellets had been placed in the food hopper, and the houselight was illuminated throughout the session, but the drinking tubes were not installed.
The rats were then given daily 60-min experimental sessions. Before each session the water bottle in the test chamber was emptied, refilled with 100 mL of fresh tap water, and remounted as described above. The houselight was turned on at the beginning each session and turned off at the end. Each session began with the delivery of one pellet of food.
In the first stage of the experiment (A), the rats were exposed to 30 60-min sessions in which one 45-mg food pellet was delivered regularly at 1 -min intervals independent of the rat's behavior (FT 60 s). Each session ended 60 s after the delivery of the 60th food pellet. For each session the number of licks at the spout, the volume of water consumed, and the percentage of 60-s intervals with at least one lick were recorded. At the end of this first stage, the rats were matched into three pairs according to the amounts of water they had consumed and the numbers of licks they had made during experimental sessions. In each pair, 1 rat was designated as a "master" and the other as its yoked control for the subsequent stages of the experiment. In Stage B each lick made by a master rat initiated a 1 0-s delay in the delivery of the next food pellet. This delay was accompanied by a blackout. Each lick during a signaled 10-s delay reset the delay. When no lick had occurred for 10 s, the houselight was relit and the FT schedule resumed at the point at which it had been interrupted. Sessions for a yoked-control rat occurred concurrently with those of its master. A pellet was delivered to the yoked animal at the same time as to its master: Food delivery to both rats was thus affected by the master rat's licking, but it was independent of the licking of the yoked rat. The houselight remained illuminated throughout the experimental session for the yoked rats. For each master and yoked rat, each daily session ended 60s after the 60th presentation of food or 120 min after the beginning of the session, whichever occurred first.
Data were collected as in the first stage of the experiment, and the mean interval between the food deliveries was also calculated for each experimental session. Stage B continued for 21 sessions with Rats 1 and 2 and with Rats 5 and 6, by which time stable patterns of licking had developed, but Stage B was extended to 30 sessions with Rats 3 and 4 because their behavior appeared not to have stabilized as quickly.
Finally, the procedure previously used in Stage A of the experiment was reinstated for an additional 21 sessions (15 sessions with Rats 3 and 4); the delivery of food pellets was therefore now once again determined solely by the FT 60-s schedule, and the houselight was continuously illuminated. Table 1 summarizes the data obtained from each rat from the last five sessions of each stage of the experiment (a more detailed presentation of daily data relating to licks in each session follows in Figures 1 and 2 ). In the first stage all the rats developed consistent patterns of behavior: They consumed the pellets of food promptly upon delivery and then licked the water spout. All rats drank much more water in each of the last five 60-min sessions of Stage A than they had in the massed-food tests in their home cages before the experimental sessions began (see Table 1 ). This increase in drinking, the mean number of licks per interval, and the percentage of intervals with at least one lick show that schedule-induced drinking developed with all rats in this study. Table 1 indicates for each pair of rats the final effect of the signaled-delay procedure introduced in Stage B. The amount of water drunk was much less with all 3 master rats at the end of Stage B than it had been at the end of Stage A. There were also fewer licks per interval for all 3 master rats. On the measure of the percentage of intervals with at least one lick, 2 of the 3 master rats exhibited much lower scores at the end of Stage B, but with Rat 5 there was a somewhat smaller decrease (from 98% to 85%). In contrast, 2 of the 3 yoked-control rats (2 and 6) did not show appreciable decreases on any of the three behavioral measures at the end of Stage B in comparison with the end of Stage A. However, the third yoked control (Rat 4) did show marked decreases in all three measures. Table 1 also shows the extent to which the behavioral baselines returned to their initial values by the end of the final stage of the experiment, during which the signaled-delay procedure had been discontinued. All 3 master rats showed markedly larger scores on all three behavioral measures at the end of the final stage of the experiment than at the end of the procedure which included signaled delays (Stage B). With all 3 yoked-control rats, however, there were no major changes during the final stage of the experiment.
RESULTS
Figures 1 and 2 amplify the data given in Table 1 by showing daily data obtained from each rat throughout the entire experiment. Figure 1 shows the daily mean number of licks per interval for each rat, with the data for each yoked rat depicted in conjunction with its master. These data were calculated by dividing the number of licks made per session by the number of food pellets delivered (note that these data are not expressed as licks per minute, because the mean interpellet interval varied in Stage B of the experiment). The development of schedule-induced drinking can be seen with all rats in the first stage of the experiment. In Stage B, when licks by master rats produced signaled delays in the delivery of food, all 3 master rats showed marked decreases in licks per interval; with Rats 1 and 5, this decrease developed quite quickly, and with Rat 3 the decrease developed consistently but more slowly. In spite of these orderly and sustained decreases, Figure 1 and Table 1 show that none of the master rats ceased licking completely. Table 1 also showed that there were decreases in, but not total abolition of, drinking as expressed in terms of milliliters of water consumed. When the signaled-delay procedure was removed and the conditions of Stage A were reinstated, Rats 1 and 3 showed marked increases in licks per interval ( Figure 1 and Table 1 ) and in amounts of water drunk (Table 1). However, neither rat recovered its previous baselines completely. With Rat 5, only slight increases in these measures were observed when the signaled-delay procedure was removed.
With respect to the yoked-control rats, Table 1 and Figure 1 show that the mean licks per interval also decreased markedly in Stage B with one yoked animal (Rat 4). Note that with this rat, which was yoked to the master that exhibited a gradual decline in licking, the mean licks per interval and mean amount drunk did not recover when the delay procedure was removed in the final stage of the experiment. With the other yoked rats (2 and 6), mean licks per interval and mean amount drunk showed either only slight or no decreases when the interpellet interval became variable and of greater mean length in Stage B, and there were no systematic changes during the final stage of the experiment. Figure 2 presents the daily data relating to the percentage of interpellet intervals in which at least one lick occurred (these data were not recorded in the first five sessions of the experiment). The patterns in these data are similar to those shown in Figure 1 . In the first stage of the experiment all animals except Rat 2 came to lick during almost all the interpellet intervals, and even Rat 2 licked in approximately 80% of the intervals. With the 3 master rats, the decreases in this measure when signaled delays in food presentation were introduced in Stage B reflect those seen in Figure  1 The present experiment used an FT schedule and a blackout that signaled delays in food, and it also incorporated a reversal design and a yoked-control condition. It therefore demonstrates unequivocally that lick-dependent signaled delays in food presentation may function as punishers of schedule-induced drinking. It does not, however, identify the specific functional components in this punishment procedure: The yoked animals were not exposed to response-dependent delays in food presentation, but nor were they exposed to signals. Similarly, the master animals were exposed both to response-dependent delays and to response-dependent signals. Further experiments were therefore necessary to identify the crucial aspects of the present procedure which lead to the punishment effect.
EXPERIMENT 2 This experiment was designed to investigate whether the contingent stimulus change used in Experiment 1 (i.e., the blackout signal) was sufficient for the effects seen with the master animals in that study. Flory and Lickfett (1974) investigated the effects of a response-produced signal (the removal of the response lever in an FI schedule) without accompanying delays in reinforcement. They reported that this procedure led to a reduction in licking. Interpretation of this part of their study is complicated, however, by the fact that delivery of a food pellet depended on the emission of an operant response on the lever: Given that the schedule in operation was FI 60 s, removal of the lever for as long as 80 s must inevitably have led to delays in reinforcement. Delays were also possible if licks occurred within 10, 20, or 40 s of the programmed availability of reinforcement when the effects of 10-, 20-, or 40-s signals were investigated.
The present study was closely modeled on Experiment 1. Food pellets were delivered according to an FT schedule in which no operant response was required, and the lick-produced signal was a blackout. Licks did not, however, produce delays in food delivery in this experiment. 
METHOD Subjects
Four experimentally naive male SpragueDawley rats were used. They were approximately 150 days old at the start of the experiment. They were obtained from the same source as those used in Experiment 1, and were housed, maintained, and fed in the same way. They, too, were maintained at 85% of their free-feeding body weights (M = 348 g; range, 318 to 367 g), and they also had continuous access to water in their home cages.
Apparatus
The apparatus was that used for Experiment 1, except that the scheduling and recording of events were achieved by means of an online microcomputer (Acorn Computers Ltd., Acorn Atom,@ programmed in ONLI-BASIC).
Procedure
The same preliminary procedures were used as in Experiment 1, including the measurement of water intake during a 1-hr period following the presentation of 60 food pellets in the home cage (massed-food control). Table 2 summarizes the data obtained from each rat during the last five sessions of each stage of the experiment. In the first stage all the rats developed the consistent patterns of behavior characteristic of schedule-induced drinking. All rats drank much more water in each of the last five 60-min sessions of Stage A than they had in the massed-food tests in their home cages before the experimental sessions began. The mean number of licks per interval and the percentage of intervals with at least one lick also show that the schedule induced a considerable amount of licking. Table 2 indicates for each rat the final effect of the procedure in Stage B in which each lick initiated a 10-s blackout, and the effect of the final stage of the experiment during which the signals were discontinued. For 3 of the 4 rats, there were no marked changes in any of the behavioral measures. Rat 33 showed marked increases on all three measures at the end of Stage B in comparison with the end of Stage A, but these changes were not reversed by the removal of the lick-dependent signal in the final stage of the experiment. These data therefore suggest that all the rats developed drinking as a result of being exposed to the schedule of intermittent food delivery, but that the experimental manipulation introduced in Stage B exerted no punishing effect on schedule-induced drinking. Figure 3 shows the daily mean licks per interpellet interval for each rat throughout the experiment, and these data expand on some of those given in Table 2 . Thus the daily data show the development of high rates of licking in Stage A of the experiment and the failure of the lick-produced signals to change this behavior, except for Rat 33 which showed an abrupt increase sustained throughout the rest of the experiment. DISCUSSION The results of this experiment show that established schedule-induced drinking was not punished by the introduction of lick-dependent blackouts. These results amplify those reported by Flory and Lickfett (1974) , who also reported that 10-s lick-dependent signals (lever withdrawal) did not reduce schedule-induced licking. The data indicate that the punishing effects on schedule-induced drinking of signaled delays in food presentation shown in Experiment 1 were not the result of the lickdependent stimulus change per se. The question remains, however, whether unsignaled lick-dependent delays in food delivery are sufficient to punish schedule-induced drinking.
EXPERIMENT 3 This experiment was designed to investigate whether lick-dependent but unsignaled delays in food presentation are sufficient to punish established schedule-induced drinking. Experiment 1 showed that lick-dependent signaled delays may serve as punishers, and Experiment 2 showed that lick-dependent signals do not serve as punishers. By addressing the question of whether a signal is necessary for lick-dependent delays to exert punishing effects, Experiment 3 also provides a more systematic replication of previous studies, reviewed in the Introduction, of the effects of lick-dependent delays in reinforcement (Falk, 1964; Hawkins et al., 1972; Keehn & Stoyanov, 1983; Poling & Thompson, 1977) .
METHOD Subjects and Apparatus
Six experimentally naive male SpragueDawley rats were used, approximately 150 days old, which were obtained from the same source as those used in Experiments 1 and 2. They were housed, maintained, and fed in the same way; their free-feeding body weights ranged from 318 g to 386 g (M = 362 g), and they had continuous access to water in their home cages throughout the study.
The apparatus was that used for Experiment 2. Procedure
The same preliminary procedures were used as in Experiments 1 and 2, including the measurement of water intake in a 1-hr period following the presentation of 60 food pellets in the home cage (massed-food control).
Stage A was as in Experiments 1 and 2, and consisted of 30 daily sessions. Measures were again taken of the mean number of licks at the water spout per interpellet interval, the mean percentage of intervals with at least one lick, and the mean water intake.
At the end of Stage A, 3 rats were designated as masters and 3 as yoked controls, as in Experiment 1. In Stage B, any lick by a master rat initiated a 10-s unsignaled delay in food presentation: Timing of the interpellet interval was stopped, and it resumed only after a 10-s period in which no lick had occurred. The appropriate yoked-control rat's session ran concurrently with that of its master, and food was delivered to both rats at the same time. The experimental session terminated 60 s after the 60th delivery of food or after 120 min, whichever occurred first. than was the case with other rats (69% and 56%, respectively). The differences between these rats and the others should be remembered in the presentation and discussion of results that follow. Table 3 also indicates for all 3 pairs of rats the final effect of the lick-dependent but unsignaled delays introduced in Stage B and the extent to which the initial baselines were recovered by the end of the final stage of the experiment. With all 3 master rats, all the behavioral measures at the end of Stage B were markedly lower than they had been at the end of the first stage of the experiment, and in general all scores were higher at the end of the final stage than at the end of Stage B (the exceptions being provided by the measures of milliliters of water drunk and mean licks per interval for Rat 21). With the yoked-control animals, there were no differences in the data at the three points in the experiment for Rats 24 and 26. However, for Rat 22 the measures at the end of Stage B were lower than at the end of the first stage.
Figures 4 and 5 amplify some of the data given in Table 3 by showing the daily data obtained from each rat throughout the entire experiment. Figure 4 shows the mean number of licks per interval for each subject, and the development of drinking by each rat can be seen (at less marked levels in the cases of Rats 25 and 26). In Stage B, when licks by master rats produced unsignaled delays in food delivery, 2 of the master rats (21 and 23) showed slow and gradual decreases in licks per interval (in the case of Rat 21, this occurred only after a period of markedly increased variability from session to session). These decreases developed gradually over the first 15 to 20 sessions of Stage B, and the reduced levels of licking were then sustained throughout the remainder of this stage of the experiment. In the case of the third master rat (25), there was only slight evidence for a decrease in licking throughout Stage B of the experiment. As was the case with the 3 master rats in Experiment 1, none of the master rats in Experiment 3 ceased licking completely. When the unsignaled-delay procedure was discontinued, reinstating the conditions of Stage A, Rat 21 showed no signs of recovery in the measure of licks per interval. Rat 23 showed a very gradual and slight recovery on this measure, and Rat 25 (which had not shown any reduction in Stage B on this measure) showed a marked increase in licks per interval.
Turning to the yoked animals, Table 3 and Figure 4 show that the mean licks per interval also decreased somewhat in Stage B for Rat 22. However, the mean licks per interval and mean amount drunk did not recover with this animal when the delay procedure was removed. For the other yoked-control rats (24 and 26), mean licks per interval and mean amount drunk did not change systematically during Stage B or in their subsequent return to the no-delay condition. Figure 5 presents the daily data relating to the percentage of interpellet intervals in which at least one lick occurred. In the first stage of the experiment, Rats 21 through 24 came to lick in almost all the interpellet intervals, but note again that at the end of this stage Rats 25 and 26 licked in no more than approximately 60% to 70% of the intervals. However, with all 3 master rats (i.e., including Rat 25), marked decreases gradually developed in this measure when unsignaled delays in food presentation were introduced in Stage B. Furthermore, Figure 5 shows that all 3 master rats (again including Rat 25) showed axnarked recovery on this measure when the delay procedure was discontinued. None of the yoked rats showed a decline on this measure when the unsignaled delays were introduced nor any change when it was subsequently discontinued.
The data from this experiment should be considered in light of changes in the mean interpellet intervals observed in Stage B: For Rats 21 through 24 the mean interpellet interval rose to 100 s at the start of Stage B and declined gradually (but more quickly for Rats 23 and 24) to approximately 80 s by the end of the stage, and for Rats 25 and 26 the interpellet interval rose to and remained at approximately 70 s.
DISCUSSION
As noted above, primary emphasis should be given to the data of Rats 21 thrQugh 24 when considering the effects of the lick-dependent delays on drinking in this experiment, because Rats 25 and 26 drank and licked less than other animals in this series of experiments. The reasons for their more limited drinking cannot be readily explained, especially because both rats did lick consistently in a significant proportion of the interpellet intervals when the FT schedule was in operation. Nevertheless, the results of Experiment 3 suggest that the unsignaled but lick-dependent delays exerted some punishing effect on schedule-induced drinking. Thus with Rats 21 and 23 (masters), the steady behavioral pattern maintained at the end of Stage B differed from that shown by these animals at the end of the first stage of the experiment: Both rats showed decreases in mean licks per interval, in the mean percentage of intervals with at least one lick, and in the mean water intake. Evidence for a reversal of this effect when the delay procedure was discontinued was clearest with the measure of percentage of intervals with at least one lick, but this observation is difficult to interpret. It would be premature to suggest that this measure is more sensitive than the other measures taken in these experiments.
The rats yoked to these masters showed some signs of reduced licking during the delay procedure, but no signs of any recovery when the delay procedure was discontinued. Indeed, with all three pairs of animals, the behavior of the yoked animals may be described as less sensitive to the changing experimental procedures than is the case with their masters. This observation suggests that the dependency between licking and delays in food presentation imposed on the master animals had a specific effect on their behavior in comparison with the effect of identical distributions of interpellet --4 In short, the use of a reversal design with a yoked-control condition makes it possible to infer that lick-dependent delays in food presentation may function as punishers of schedule-induced drinking, even when they are unsignaled. However, a comparison of the data -from Experiment 1 and Experiment 3 shows that the signaled-delay procedure exerts a more specific and a more marked effect, a finding that is not surprising in light of the stimulus characteristics of the two procedures.
GENERAL DISCUSSION
In Experiment 1 schedule-induced drinking was punished by signaled 10-s delays in food delivery. In Experiment 2 unsignaled lick-dependent delays alone had no effect on drinking. In Experiment 3 unsignalea 10-s delays in food delivery were sufficient to reduce schedule-induced drinking, but this effect was less marked and less modulated than the punishing effects of signaled delays in Experiment 1.
It should be noted that every rat in these experiments continued to drink during some proportion of the interpellet intervals, and so in no case was schedule-induced licking completely abolished by the experimental procedures. In general, however, lick-dependent delays, both signaled and unsignaled, led to a reduction in schedule-induced drinking, prompting the conclusion that this behavior is by no means insensitive to punishment by response-dependent delays in food presentation. Specific punishing effects emerged most clearly when the delays were accompanied by a stimulus change, but even when the delays were not signaled, schedule-induced drinking was to some extent sensitive to control by environmental contingencies. The inclusion of an exteroceptive stimulus in the signaled condition may have exerted modulating effects by..providing a discriminative change when the&lick-dependent delay procedure was introduced.
Other researchers have suggested that established patterns of schedule-induced drinking are insensitive to control by procedures in which relatively short delays in food presentation are made dependent on licking (e.g., Falk, 1964; Keehn & Stoyanov, 1983 , Experiment 2). In part this apparent discrepancy with the present results may arise from the use in previous research of procedures that included no discriminative stimulus change or signal. Previous studies were therefore more similar to the present Experiment 3, in which the effects of delays were less well modulated and took longer to develop reliably. The only previous investigation in which a stimulus change was incorporated with a delay procedure (Flory & Lickfett, 1974) did report a systematic reduction in schedule-induced drinking as lick-dependent delays increased from 10 to 80 s, although, as was noted earlier, there are some difficulties in interpreting the results of that study.
In Falk's study (1964) , delays in food delivery were produced only by licks that occurred in the last 15 s of the interreinforcement intervals. This design feature was a natural consequence of Falk's interest in investigating whether schedule-induced drinking is adventitiously reinforced. Conversely, in the study by Hawkins et al. (1972) , in which a relatively long delay of 4 min was reported to have little effect on schedule-induced drinking, this unsignaled delay occurred only after the first "drink" (defined as five licks) in each interval of an FT 60-s schedule. The contingencies used in the present experiments made relatively short signaled or unsignaled delays dependent on any lick that occurred at any time in the interpellet intervals, and punishing effects were therefore perhaps more likely to be seen.
Previous work on this topic often has not exposed animals to the experimental contingencies for sufficiently extended periods, and has not always reported data session by session. These limitations mark the report by Hawkins et al. (1972) , but are perhaps particularly important when the findings of Keehn and Stoyanov (1983, Experiment 2) are considered, because these investigators introduced different durations of delay for only a few sessions each without allowing recovery of the behavioral baseline between conditions. The findings of the present experiments emphasize the importance of allowing sufficient time for any punishing effects on drinking to develop, and the experiments also have the advantage of allowing easier interpretation of effects by providing an opportunity for the recovery of drinking within an appropriate reversal design.
It is known that the amount of schedule-induced drinking in rats is an inverted U-shape function of the interpellet interval: As the interval between food deliveries increases from 2 to 300 s, drinking increases to a maximum (between 60 and 180 s, depending on the study) and then decreases (Bond, 1973; Falk, 1966; Flory, 1971; Hawkins et al., 1972) . It is therefore important to include, as in the present studies, a yoked-control design if the effects of lick-dependent delays in food presentation are to be interpreted specifically as punishment effects, because increases in interpellet intervals that inevitably result from lick-produced delays may otherwise themselves provide a sufficient explanation for any reduction in drinking.
Turning to more general considerations concerning the distinction between operant and schedule-induced or adjunctive behavior, it is known that a number of independent variables control the amount of schedule-induced behavior (see review by Wetherington, 1982) . Among these variables are the level of food deprivation and the quality or amount of food that is delivered intermittently. Like the frequency of food delivery, as discussed above, these variables have effects on schedule-induced drinking that are similar to the effects they exert on operant behavior. Schedule-induced drinking also shows effects similar to behavioral contrast (Jacquet, 1972) and to stimulus generalization (Hamm, Porter, & Kaempf, 1981) . Schedule-induced or adjunctive behavior therefore shares many characteristics with conventionally defined operant behavior. Reberg (1980) has provided further evidence for this argument by demonstrating that schedule-induced drinking is sensitive to both positive and negative contingencies. Reberg found that drinking increased when licks produced extra food and decreased when extra food was dependent on not licking. The results of the experiments presented here lead to a similar conclusion, namely that schedule-induced drinking can be modified by its environmental consequences. This claim is strengthed by earlier observations ) that schedule-induced drinking is punished by lick-dependent shocks and that this effect is related to the intensity of the shocks (Galantowicz & King, 1975) .
The present results contribute, then, to the view that schedule-induced drinking can be modified by variables that affect operant behavior. While it may indeed be the case that operant and adjunctive behavior are initiated by different environmental conditions (Falk, 1969) , there is now ample evidence that established levels of both categories of behavior (if such they be) are influenced similarly by experimental procedures. Although scheduleinduced behavior may be modified by its consequences, as in the present study, this is not to say that it is controlled exclusively by its consequences.
It should be emphasized that the present experiments investigated the effects of lick-dependent delays on drinking that was previously well established. Delays may have different effects on the development of schedule-induced drinking if they are included from the beginning of an experiment. There have been reports that schedule-induced drinking develops in spite of lick-dependent delays programmed in this way (Falk, 1964; Hawkins et al., 1972; Moran & Rudolph, 1980; Segal & Oden, 1969) , but these studies should be supplemented by experiments that include both a reversal design and a yoked-control condition if these claims are to be fully substantiated.
